Abstract. Elevators are the essential transportation tools in high buildings so that Elevator Group Control System (EGCS) is developed to dynamically layout the schedule of elevators in a group. In this study, a fuzzy rules based intelligent elevator group control system has been proposed in which the structure of rules including the related parameters are generated optimally based on the traffic data so as to maximize service quality. In literature, the fuzzy related approaches have been applied in EGCS but the fuzzy rules were all pre-defined. However, how to create the most suitable fuzzy rule set in EGCS for dispatching elevators more efficiently and economically are never discussed in literature. The aim of the proposed approach is to minimize the average waiting time at peak hours as well as to minimize the power energy at off-peak hours by using the proposed fuzzy rule based ECGS. Moreover, there are many decision variables are considered in the GCGS to provide the most appropriate elevator assignment whenever any hall call is given. In this study, a fuzzy rule based elevator-dispatching approach has been proposed for the EGCS in which the fuzzy rules and related parameters are derived optimally by using genetic algorithm based on the historical elevator transportation data. The experimental results show that the performance of the proposed approach is superior to these of traditional approaches in literatures.
Introduction
Elevator system is an essential transportation tool in high-rise buildings, and is administrated by an elevator group control system (EGCS). Due to the elevator is the main transportation facility in those high-rise buildings, the EGCS controlling these elevators must maximize the transportation capability and the service quality for passengers. The most common performance criterion for quality of service in EGCS is to minimize the average journey time and the power comsumption [1] . Basically, there are four fundamental factors composed in EGCS which are the hall calls, car calls, the number of elevators, and the group controller [2] . These factors resulted in the necessity of designing a flexible control with the possibility to change dynamically the control strategy. In general, EGCS is to dispatch the most suitable elevator for each hall call generated by customer(s). However, this kind of elevator scheduling problems is very complex. Moreover, if n passengers are assigned to a single elevator, there are n! different orders for them to be picked up [3] . If all orders are allowed and will be considered by the scheduling system, the corresponding planning problem is NP-hard even for a single elevator [3] [4] . For overcoming the above difficulty, a number of applicable optimization approaches to the elevator dispatching problem have been proposed and applied to reduce the average journey time for all passengers. In literature, there are many studies for solving optimal elevator group control problems, such as knowledge-based systems [5] [6] [7] ; fuzzy logic theory [8] [9] [10] ; neural networks [11] , hybrid evolutionary algorithm [1, 2, 12] . However, most of the studies are more focused on the transportation efficiency, i.e., minimum journey time. The basic concept of such intelligent EGCS has been described by Fujino et al. [13] . In the group control function, the car call information, hall call information and the other necessary information for each elevator will be collected. Based on these information collected, the most appropriate elevator is to be assigned for a hall call. In our study, a GA based fuzzy rule optimization approach has been developed and satisfies multi-criteria requirements. Although the similar research has been proposed [1] , the proposed approach is different from the previous study which is to adjust the membership functions and the structure of fuzzy rules simultaneously for generating the most suitable control actions. The result shows that the performance of the experiment which uses the optimized fuzzy rule of GA is much better than the performance of the experiment which didn't use the fuzzy rule of GA.
Hybrid Fuzzy Self-tuning Optimization Approach
In this study, an adaptive fuzzy inference mechanism based on the study of Chen et al. [1] has been proposed to make an optimal decision for dispatching elevator for EGCS. According to Chen et al. [1] , the structures of fuzzy rules have to be defined in advanced although the parameters of membership functions are adjusted optimally. As shown in Figure 1 , the configuration of the tuning function has been trained by using historically traffic data of a building. In the previous study [1] , the fuzzy rule table is predefined by the domain experts so that different experts will have different fuzzy rule table which may influence the performance of dispatching function. So, the fuzzy rule tables are to be decided optimally as well as the parameters of all fuzzy membership functions. The architecture of the proposed approach is illustrated in Figure1. Based on the historical traffic data of a specified building, the most appropriate parameters of the fuzzy membership function and the fuzzy tables are then generated by GA. So, the optimal or near optimal elevator dispatching models for both peak hours and non-peak hours are then obtained. In our approach, the evaluation function is defined as the elevator assignment function Φ as described in Eq. (1) [1] . An elevator with minimal evaluation value in an elevator group is to be selected to response each hall call generated by passenger(s). There are nine parameters in the two fuzzy rule sets with 16 parameters of fuzzy rule table, and an area value function will be adjusted for obtaining the most appropriate dispatching decision for the EGCS, according to the pass time transportation data from building, the GA based adaptive mechanism in the training function unit has been applied to obtain the best parameters for the fuzzy set 1, 2 and area value so as to optimize the elevator transportation quality. This function can be described by Figure 2 . 
where, T AVR (i) is the estimated arrival time of the i th elevator, which is the waiting time of the passenger when we assign the i th elevator for the new hall call. T α (i) is the area value of i th elevator and α is the area weight, where T α (i) is determined when a hall call is generated. This value is added to prevent selecting the i th elevator if there exists a special kind of call T E (vip) (VIP call). Moreover, the energy consumption is also considered by the T CON (i) function. More details can be referred to the studies of Kim et al. [3] and Chen et al. [1] . There are two peak time periods including the up peak,
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down peak period of time in our study. During the peak time period, the efficiency model is activated otherwise. In literature, Chen et al. [1] applied GA to optimize the fuzzy parameters for an intelligent EGCS but the structure of the fuzzy rules are pre-defined. It will result in the various performances depending on the given structures of fuzzy rules. For solving this problem, the structure of fuzzy rules should be optimized as well as other parameters. In the proposed approach, the solution representation of GA is illustrated in Figure 3 . In the solution represent of GA, there are nine parameters for the traffic flow α' (UP, DOWN, α'), sixteen parameters for the fuzzy rule membership functions, and floor situation k (AWT, PC, AP), and twenty-five parameters for fuzzy rule table. Totally, there are fifty-one parameters to be optimized by using the proposed approach. In the fuzzy rule tables for α′, SM, MD, LR, and VL are represented from 1-4 respectively. Also, the tables for AP, NL, NM, ZE, PM4, and PL are represented by 1-5 respectively. To represent the membership level of fuzzy rules are very small (1), small (2), medium (3), large (4), and very large (5). For normal operation, there are for α′ and AP part both must be in the range between 1 and 5.In efficiency mode, the objective of efficiency mode is defined by Eq. (2) which is the average finish time (AFT). AFT is the sum of the average waiting time and the average of riding time and it is shown as the following equation: (2) where, N is the number of hall call within a specified tie period; T Hall Call ST (i) and the T Hall Call FT (i) are the starting time and finishing time of i th hall call respectively. Also, T car Call ST (i) and the T car Call FT (i) are the starting time and finishing time of i th car call respectively. The other objective is for the power saving mode [1] . In our study, there are two different time periods for verifying the performance of the proposed approach. The details are to be illustrated in the following section.
Experimental Results & Discussion
In order to verify the performance of the proposed intelligent EGCS, the simulation data has been applied which can be referred in the study of Kim et al. [3] and Chen et al. [1] The proposed approach is implemented in Matlab ® on the Pentium-4.2 GHz PC. The experimental parameters are illustrated in Table 1 . The results of the proposed approach are compared with two traditional approaches including the short path assignment method and the shortest time assignment method. There are two peak time periods for verifying the proposed method. 
The Efficiency Mode in Up Peak Time
Based on the proposed approach, the fuzzy rules of the up traffic peak are obtained and can be represented by the fuzzy rule table, see Table 2 and Table 3 . For instance, in Table 2 , if UP is VL and DOWN is SM than α' is 3 (MD).
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Innovation for Applied Science and Technology There are twenty runs of the experiments and comparison of the average results are described in Table  4 . As shown in the table, the average completion time for passengers during the up peak time period can be improved by the proposed approach at least 2.22% and up to 91% compared to other three approaches. Also, the power saving of our approach is a little better than the method of Chen et al. [1] around 0.73%. 
The Efficiency Mode in Down Peak Time
The fuzzy rules of the down traffic peak are obtained as shown in Table 5 -6. Obviously, they are different from the fuzzy rule tables obtained in the up peak time period. The result comparison of the proposed approach and other three approaches are summarized in Table 7 . As we can observe, the improvement of average completion time by using the proposed method compared with other three methods are 0.51%, 6.33% and 11.61% respectively. The proposed approach is still with better performance but not much. However, the proposed method is with much better performance of power saving compared with other three approaches as shown in Table 7 . The improvement of power saving are 14.04%, 20.76% and 37.02% respectively. 
Conclusions
A hybrid approach composing genetic algorithm and fuzzy logic inferences are applied in this study. By using the proposed approach, not only the optimal fuzzy parameters can be obtained but also the most appropriate fuzzy rule tables for the elevator dispatching function are obtained
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simultaneously. In the previous study1, the fuzzy rule table is predefined by experts. It makes that different experts will have different fuzzy rule tables for EGCS which may influence the performance of the car dispatching. In our study, the fuzzy rule tables are decided optimally as well as the parameters of all fuzzy membership functions. Compared with the three approaches in literature, the proposed GA based adaptive EGCS is able to provide better elevator scheduling with less average completion time or even less power consumption during the three peak time periods. The similar results can be found that illustrate the performance of the proposed approach is still superior to other three methods in the two non-peak time periods. Our limited experience that the proposed GA based intelligent EGCS is able to dispatch elevators more efficiently and economically. The experimental results show that the proposed method is with more desirable performance than the conventional methods in both efficiency mode and the energy saving mode.
